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Abstract 

The effects of dietary restriction on serum antioxidant capacities were studied in male 
Fischer 344 rats. Dietary restriction was started at the age of 6 weeks and consisted of 60% 
of the mean daily food intake of the ad libitum fed controls. They were killed at 7 and 18 
months of age. The antioxidant capacities of whole serum and the non-protein fraction of 
serum were assessed using the oxygen radical absorbance capacity (ORAC) assay with a 
peroxyl radical generator. Rats that consumed a diet restricted by 40% in calories had 
significantly lower ORAC activities in whole serum and the non-protein fraction of serum. 
The decreased serum ORAC activity is seemingly an organism’s physiologically appropriate 
response to reduced oxidative stress through a down-regulation mechanism. © 1997 Elsevier 
Science Ireland Ltd. 
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1. Introduction 

Chronic dietary restriction (DR) without essential nutrient deficiency is recog¬ 
nized as the most effective manipulation by which to extend the life span and retard 
the aging process in laboratory rodents and other short-lived species (Yu, 1996). 
Intensive research in the last several years has produced various plausible hypothe¬ 
ses for the mechanisms underlying the life-span extending effects of DR in rodents. 
One of the most exciting of these theories is the oxidative stress theory of aging 
(Yu, 1996; Yu and Yang, 1996), which provides the most convincing mechanistic 
explanation for both aging and age-related pathogenesis (Harman, 1993). Accord¬ 
ing to this theory, both biological and pathologic aging processes are considered 
consequences of an increased susceptibility to damage from free radical-mediated 
oxidative stress. The anti-aging effect of DR could result from reduced reactive 
species (RS) production and/or enhanced defenses, which include enzymes such as 
superoxide dismutase (SOD), catalase (CAT), and glutathione peroxidase (GPX); 
macromolecules such as albumin, ceruloplasmin, and ferritin; and an array of 
micromolecules, including ascorbic acid, a-tocopherol, /?-carotene, ubiquinol-10, 
glutathione (GSH), methionine, uric acid, and bilirubin (Yu, 1994). 

Recent investigations dearly show that DR has the ability to modulate the 
production of various RS in rodents (Koizumi et al., 1987; Laganiere and Yu, 1987; 
Lee and Yu, 1990; Matsuo et al., 1993). It reduces the production of superoxide 
and hydroxyl radicals (Lee and Yu, 1990), and inhibits lipid peroxidation (Koizumi 
et al., 1987; Laganiere and Yu, 1987; Matsuo et al., 1993) and DNA damage 
(Chung et al., 1992). DR is also shown to affect antioxidant enzymes in diverse 
ways, including through its ability to increase SOD, CAT, and GPX activity and 
expression in liver (Koizumi et al., 1987; Laganiere and Yu, 1989b; Lammi-Keefe 
et al., 1984; Lee and Yu, 1990; Rao et al., 1990), and attenuate the CAT and GPX 
activity in skeletal muscle (Luhtala et al., 1994). However, the effect of DR on 
macro- and micromolecule antioxidant compounds is virtually unexplored. The 
objective of this study, therefore, is to initiate an investigation on the effect of DR 
on the serum antioxidant status using the oxygen radical absorbance capacity 
(ORAC) assay with a peroxyl radical (ROO ) generator (Cao et al., 1993). 





2. Materials and methods 

2.1. Chemicals 


Porphyridium cruentum ji -phycoerythrin (/?-PE) was purchased from Sigma, St. 
Louis, MO. The /7-PE that was used in these experiments usually lost more than 
90% of its fluorescence within 30 min in the presence of 4 mmol/I of 2,2'-azobis(2- 
amidinopropane)dihydrochIoride (AAPH). AAPH was obtained from Polysrience, 
Warrington, PA. 6-Hydroxy-2,5,7,8-tetramethylchroman-2-carboxy!ic acid (Trolox) 
was obtained from Aldrich, Milwaukee, WI. 





PM3006722761 


Source: https://www.industrydocuments.ucsf.edu/docs/xqbj0001 



247 



ID 

11 

n 

11 

I 9 

i a 
i n 

II 
11 

I si 

II 
in 
11 

ta 




G. Cao et al./Arch. Gerontol. Geriatr. 25 (1997) 245-253 

2.2. Animals and diet 

The use of animals was conducted in compliance with all applicable laws and 
regulations as well as the principles expressed in the National Institutes of Health, 
USPHS, Guide for the Care and Use of Laboratory Animals. 

Specific-pathogen free male Fischer 344 rats (4 weeks of age) were purchased 
from Charles River Laboratories, Kingston, NY. Upon receipt, rats were trans¬ 
ferred into a barrier facility at the University of Texas Health Science Center at San 
Antonio, TX. They were housed individually in plastic cages with wire mesh floors. 
The rats were acclimatized for the first 2 weeks; DR was then implemented as 
described previously (Yu et al., 1985). Briefly, at 6 weeks of age, rats in the 
restricted group were fed 60% of the mean daily food intake of the rats fed ad 
libitum. The diet (Diet A) of the rats fed ad libitum and the diet (Diet B) of the 
restricted rats were basically the same, as prepared by the Purina Co. (Purina Test 
Chow, Richmond, IN), except for the concentrations of the mineral and vitamin 
mixes. Diet B provided the DR rats the same daily intake of vitamins and minerals 
as the mean intake of the rats fed ad libitum. The composition of the diets is 
presented in Table 1. 

2.3. Blood sample preparation 

Rats were killed by decapitation at 7 and 18 months of age. Serum samples were 
collected and stored at — 80°C until analyzed. Both serum and serum non-protein 
fractions were used in the ORAC assay. For preparation of serum non-protein 


Table 1 

Composition of rat diets 


Component 

Diet A 

Diet B 

Casein (vitamin-free) 

21 

21 

Sucrose 

15 

15 

Dextrin 

43.65 

39.55 

Corn oil 

10 

10 

Ralston Purina mineral mix' 

5 

7.64 

Ralston Purina vitamin mix 2 

2 

3.33 

Solka-Floc 

3 

3 

D,L-methionine 

0.15 

0.15 

Choline chloride 

0.2 

0.33 


* Ralston Purina mineral mix has the following composition expressed in percent: (N H 4 )<, M o ,0- ■ 4 H ,0, 
0.003; CaC0 3 , 28.79; CaHP0 4 -2H 2 0, 14.8; K 2 HP0 4 , 20.5; NaCl, 9.5; NaH 2 P0 4 H 2 0, 11.8; 
MgS0 4 -7H 2 0, 13.5; MnS0 4 H 2 0, 0.4; FeC 6 H 3 0 7 -5H 2 0, 0.72; CuS0 4 -5H 2 0, 0.12; KI, 0.0015; ZnCl 2 , 
0.0855; Na 5 Se0 3 , 0.001; CrCI 3 -6H 2 0, 0.031; CoCl 2 -fiH 2 0, 0.026; NaF, 0.022. 
b Ralston Purina vitamin mix has the following composition expressed in percent; thiamin hydrochlo¬ 
ride, 0.1; riboflavin, 0.1; niacin, 0.45; pyridoxine hydrochloride, 0.!; D-calciuir. pantothenate, 0.3; folic 
acid, 0.02; D-biotin, 0.002; I-inositol, 1.0; vitamin B-12 (0.1% trituration; 1 g = 1 mg B-12), O.t; retinal 
acetate, 0.4; ergocalciferol, 0.026; d.l-x- tocopherol acetate, 1.0; menadione sodium bisulfate, 0.1; 
sucrose, 96.302. 
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fraction, "the serum was diluted with saturated ammonium sulfate (1;4, v/v) and 
kept in ice water for 20 min. The samples were then centrifuged at 100000 x g for 
10 min at 4°C, and the supernatants were removed as the serum non-protein 
fractions for ORAC assay. 

2.4. ORAC assay of serum and the serum fractions 

The serum antioxidant capacity was determined by the ORAC assay. Briefly,.in 
the final assay mixture (2 ml total volume), /?-PE (3.34 x 10 " 8 mol/1) was used as 
the target of free radical attack, AAPH (4 x 10“ 3 mol/1) as the peroxyl radical 
(ROO ) generator, and Trolox (1 //mol/1, final concentration) as the control 
standard. Phosphate buffer (7.5 x 10 ~ 2 mol/1, pH 7.0) was used to prepare all the 
reagents. Following the addition of AAPH, the assay mixture was incubated at 
37°C. Fluorescence of fi-PE was measured every 5 min at an emission wavelength 
of 565 nm and excitation of 540 nm, using a fluorescence spectrophotometer, until 
zero fluorescence occurred. When a serum non-protein fraction was analyzed, 
ammonium sulfate was also used in the blank and standard. All fluorescent 
measurements were expressed relative to the initial reading. Final results were 
calculated using the differences of areas under the fi -PE decay curves between the 
blank and a sample, and expressed as mmol/1 Trolox equivalents (Cao et al., 1993, 
1995). The ORAC activity of the protein fraction of a serum sample was calculated 
by subtracting the ORAC activity of the non-protein fraction of the serum from 
that of the whole serum. 

2.5. Statistical analysis 

The effects of age and DR, as well as their interaction, on serum ORAC activities 
were analyzed by two-way analysis of variance (ANOVA) using Systat (Systat, 
Evanston, IL). Multiple pairwise comparisons were evaluated by Tukey’s honestly 
significant difference test used in Systat (Systat, Evanston, IL). The differences 
between two groups were analyzed by Student’s two-sample /-test. Differences at 
P < 0.05 were considered significant. Data are presented as mean + S.E.M. 


3. Results and discussion 

The effects of DR and age on the rat serum ORAC are shown in Fig. 1. Results 
of ANOVA showed that DR in rats significantly reduced the ORAC activities in 
the whole serum, and in the serum fraction as well [whole serum: F(l,l6)= 12.9, 
P = 0.002; serum non-protein fraction: F(I,15) = 17.0, P- 0.001; serum protein 
fraction, F(l,15) = 8.5, / > = 0.01], A two-sample /-test also substantiated that the 
whole serum ORAC and serum non-protein ORAC activities were significantly 
reduced in both 7-month and 18-month-old DR animals compared to ad libitum 
controls. No .significant age effect was observed in the ORAC activities of whole 
serum or serum fractions in these rats. 
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Y////X Ad Libitum BH Food Restricted 


Fig. 1. Effects of dietary restriction on the oxygen radical absorbance capacity (ORAC) of rat serum and 
serum fraction. Dietary restriction was started at the age of 6 weeks and consisted of 60% of the mean 
daily food intake of the ad libitum fed controls. They were killed at 7 and 18 months of age. Each bar 
represents the mean ± S.E.M. for four or five animals. A, whole serum; B, serum non-protein fraction; 
C, serum protein fraction. Two-sample r-test (dietary-restricted group vs. group fed ad libitum); 
*P <. 0.05, **P 0.01. ANOVA showed a significant diet effect on ORAC not only in the whole serum 

('/* = 0.O02) and serum non-protein fraction (P — 0.001) but also in the serum protein fraction (P = 
0 . 011 ). 


The ORAC assay developed recently by Cao and coworkers (Cao et al., 1993, 
1995) provides a unique and novel way to evaluate the antioxidant activities of 
various compounds and biological samples (Cao et al., 1996a,b,c; Miller et al., 
1996; Pieri et al, 1994; Sharma et al., 1995; Yu et al, 1995; Wang et al., 1996). This 
method is superior to other similar methods (Wayner et al., 1985; Whitehead et al.. 
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1992; Rice-Evans and Miller, 1994) because it uses an area-under-curve (AUC) 
technique, and thus combines both inhibition time and inhibition degree of free 
radical action by an antioxidant into a single quantity (Cao et al., 1995). The 
antioxidant capacity, measured using the ORAC assay with a peroxyl radical 
generator in this study, comes from all traditional antioxidants found in serum 
including ascorbic acid, a-tocopherol, /?-carotene, GSH, bilirubin, uric acid, mela¬ 
tonin (Cao et al., 1993; Pieri et al., 1994), and flavonoids (Lin et al., 1996; Cao et 
al., 1997; Wang et al., 1997). _ 

In view of the myriad of data available to support the oxidative stress theory of 
aging, one might expect an age-related decrease in serum antioxidant capacity. But, 
no change of serum ORAC with age was found in this rat study. This could be due 
to the age of animals used in the present study, since we did not maintain these rats 
on the diets until they were older than 18 months (after this age, control rats 
develop cancers more frequently). However, no significant age-related difference of 
serum antioxidant capacity was found when we used 6- and 22-month-old rats (Cao 
et al., 1996a). This is not surprising, because the levels of various antioxidants in 
rodent tissues are not uniformly affected by the aging process. For example, in rats, 
ascorbic acid levels show a decrease with aging in liver, lung and eye lens, but show 
no change in plasma, heart, kidney and brain (Rikans and Moore, 1988). Glu¬ 
tathione levels show no change with aging in plasma, liver, lung, heart, brain and 
eye lens, but show an increase in kidney (Rikans and Moore, 1988). In mice, 
ascorbic acid levels in eye lens and kidney show a decrease with aging, but no 
change in plasma and liver (Taylor et al., 1995a). Therefore, the aging process may 
result from accumulated oxidative damage not reflected by increased free radical 
production and/or decreased antioxidant levels in the body. In fact, the formation 
of hydroxyl radicals and hydrogen peroxide in the liver microsomes of rats is shown 
to decrease with age (Lee and Yu, 1990). 

The decreased ORAC activity of whole serum and serum fractions in the DR rats 
is not unexpected because the responses of individual antioxidants to various 
effectors or stimuli, like aging processes, are known to be tissue-specific, not 
uniform or global (Rikans and Moore, 1988; Taylor et al., 1995a). Also, our results 
are consistent with reports that show a decrease of serum tocopherol (Laganiere 
and Yu, 1989a) and Ferritin (Choi and Yu, 1994) levels in DR animals. Our results 
also support the recent findings of Taylor et al. (1995a,b), who found that mice that 
consumed a 40% caloric-restricted diet have lower ascorbate concentrations in 
plasma, liver, and kidney; yet, these DR mice show significantly delayed progres¬ 
sion of cataract. 

Why serum antioxidant activity measured by ORAC assay is lower in DR 
animals is an interesting and important question. Although a firm answer is not 
readily available, several possibilities exist. Firstly, the lower activity could be 
related to reduced antioxidant intake and absorption. But, this scenario is unlikely, 
because the amounts of dietary vitamins and minerals for DR rats are equivalent to 
those received by the controls fed ad libitum, if normalized on the basis of body 
weight. Also, gut absorptive activity is expected to be similar or increase under DR 
conditions, as indicated by enhanced pancreatic function (Chu et al., 1991) and 
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vitamin A absorption (Hollander et al., 1986). Another possibility is that reduced 
serum ORAC is a result of the weakened antioxidant defenses in tissues of DR rats. 
This, however, is also unlikely because DR is ‘ shown to enhance the overall 
antioxidant defense system (Larrtmi-Keefe et al., 1984; Koizumi et al., 1987; 
Laganiere and Yu, 1987, 1989b; Lee and Yu, 1990; Rao et al., 1990; Chung et al., 
1992; Matsuo et al., 1993; Choi and Yu, 1994). 

A possible, but unconfirmed, answer may be found in the lower serum uric acid 
levels in DR rats, compared to their ad libitum-fed counterparts. Considering the 
higher incidence of nephropathic conditions (even as young as 6-months-old) in ad 
libitum-fed rats, which would cause higher serum uric acid levels, DR rats would 
then be expected to have reduced levels of this important serum antioxidant. 
However, as with other similar methods, the ORAC assay does not provide 
information on individual antioxidants in serum. Thus, the reduced specific antiox¬ 
idant component or components measured by the ORAC assay in the serum of DR 
rats must await further exploration. 

The decreased synthesis or production, and increased catabolism, of some specific 
antioxidants could also be an explanation for the lower ORAC activity in the DR 
rats. A logical speculation would be that the synthesis or production of some 
specific antioxidants is driven by RS, but suppressed by DR. Life-span extension by 
DR is known to depend on the chronic restriction of energy intake with the extent 
of life-span extension being directly related to the severity of DR (Weindruch and 
Walford, 1988). When the chronic restriction of energy intake reduces RS produc¬ 
tion (Laganiere and Yu, 1989b; Yu, 1994), some antioxidants like ascorbic acid 
may function as an energy source rather than a defense against oxidative stress 
(Taylor et al., 1995a). 

Based on emerging evidence, the responses of antioxidant defenses to oxidative 
stress should not be considered globally, as many once thought, but rather be 
viewed as tissue- and antioxidant-specific. Thus, the lower ORAC activity observed 
in the serum of DR animals should not be taken to necessarily indicate lower 
overall antioxidant levels induced by DR. What the results of this present study 
seem to suggest is that the reduction of serum antioxidant status by DR is an 
organism’s physiologically appropriate response to reduced oxidative stress in the 
serum through a down-regulation mechanism. 


] 
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